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(57) Abstract 

In a liquid crystal display device the number of grey levels in increased by means a compensation foil comprising a layer having 
a cholesteric ordering with a helix pattern, in which the pitch of the helix is smaller than (0.26-0.31. An) Mm, in which An is the optical 
anisotropy of the anis tropic layer. Moreover, the viewing angle dependence will be more symmetrical by patterning the cholesteric 
ordering. 
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Liquid crystal display device and retardation foil. 



The invention relates to a liquid crystal display device comprising a liquid 
crystal display cell with a liquid crystal material which is present between two substrates 
provided with electrodes, and polarizers and at least an optically anisotropic layer of a 
polymer material between the polarizers, said material having a cholesteric ordering with a 
5 helix pattern on at least a part of the surface of the layer. 

The invention also relates to a retardation foil for use in liquid crystal 
display devices and to a method of manufacturing such a foil. 

Said display devices are generally used in, for example monitors, TV 
applications and display devices in motorcars and instruments. The foils may also be used in, 
10 for example optical components such as light switches having a small angle dependence, as 
are used, for example in fibre optics. 

A display device of the type described in the opening paragraph is known 
from USP-5,210,630. In this display device a compensation foil consisting of an optically 

15 anisotropic layer of a polymer material having a cholesteric ordering is used to inhibit 

discoloration in a twisted-nematic display device and to obtain a high contrast. The polymer 
material is ordered in such a way that a molecular helix can be distinguished, with the axis 
of the helix being directed transversely to the layer. 

Display devices equipped with such compensation foils still pass 

20 considerable quantities of light between crossed polarizers (normally white) in the black state 
and at given angles. Consequently, such a device still has a given angle dependence, i.e. the 
contrast is very much dependent on the angle at which and the direction from which the 
display device is being watched. 



25 It is an object of the invention to provide a display device of the type 

described above, in which the number of grey levels which can be distinguished is increased 
considerably. It is a further object to provide a (retardation) foil which can be used in such 
display devices. 

To this end, a display device according to the invention is characterized in 
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that the pitch f the helix is smaller than 0.25 fim and, more particularly, th pitch of the 
helix is smaller than (0.26-0.31 -An) /xm, in which An is the optical anisotropy of the 
anisotropic layer. 

The invention is based n the recognition that in practice polarized light is 
5 subjected to variations of the state of polarization in the anisotropic layer due to the 

cholesteric character of this layer. After the polarized light (polarized in a first direction of 
polarization by a first polarizer) has traversed this layer, it may comprise components 
transverse to this direction of polarization, referred to as stray components. Since the 
polarizer for exiting light (with crossed polarizers) passes light with a direction of 

10 polarization transverse to this direction of polarization, there is no full extinction. It has been 
found that these stray components become smaller when the pitch of the helix in the optically 
anisotropic layer is reduced. Dependent on the number of grey levels to be realised, 
requirements can then be imposed on the maximum admissible stray components and hence 
on the maximum pitch of the helix. 

15 It has also been found that the maximum admissible pitch is dependent on 

the value of the birefringence or optical anisotropy of the anisotropic layer. At a small 
birefringence, the pitch may be larger, which is expressed by the above-mentioned formula p 
< (0.26-0.31. An) /*m, in which p is the pitch of the helix. 

To prevent discoloration, An is chosen to be smaller than 0.3 and 

20 preferably smaller than 0.2, with a maximum pitch of 0.19 /xm ensuring a minimum number 
of approximately 30 grey levels. 

A further embodiment of a display device according to the invention is 
characterized in that, viewed transversely to the substrates, the director profile in the 
optically anisotropic layer has a non-rotationally symmetrical pattern. In this connection, 

25 "director profile in the optically anisotropic layer" is understood to mean the director pattern 
across a thickness of at least a full pitch of the molecular helix. In this connection, a "non- 
rotationally symmetrical " pattern is understood to mean a pattern which does not exhibit any 
rotational symmetry but may be symmetrical with respect to an arbitrary axis. The director 
profile in at least a part of the optically anisotropic layer is preferably provided at an angle 

30 with respect to the substrates, for example by giving the optically anisotropic layer a 
sawtooth structure on at least one of its boundary surfaces. In such a device, the angle 
dependence is reduced. The angle dependence may also be reduced by giving the anisotropic 
layer of polymer material a cholesteric ordering with a helix pattern on a part of the surface 
of the layer. 
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A retardation foil according to the invention, comprising an optically 
anisotropic layer of a polymer material having a cholesteric ordering with a helix pattern on 
at least a part of the surface of the layer is characterized in that the pitch of the helix is 
smaller than 0.25 pm, or smaller than (0.26-0.31. An) ^m, in which An is the optical 
5 anisotropy of the anisotropic layer. 

According to the invention, a method of manufacturing a retardation foil 
is characterized in that a mixture comprising a reactive cholesteric liquid crystal material and 
a non-reactive cholesteric liquid crystal material having the same rotation is provided on a 
substrate and the mixture is irradiated with actinic radiation. 
10 These and other aspects of the invention will be apparent from and 

elucidated with reference to the embodiments described hereinafter. 

In the drawings: 

15 Fig. 1 is a diagrammatic cross-section of a part of a liquid crystal display 

device according to the invention, 

Figs. 2, 3, 4 and 5 show the maximum values of stray components of 
transmitted light upon variation of the polar angle 6 for display devices in which different 
foils are used, 

20 Fig. 6 shows the maximum admissible pitch as a function of the optical 

anisotropy of the foil, while 

Fig. 7 shows the structure formula of a liquid crystal composition as used 

in such a foil, and 

Fig. 8 shows the structure formula of a non-reactive liquid crystal 
25 composition, as may be used for manufacturing such a foil. 

Fig. 1 is a diagrammatic cross-section of a part of a liquid crystal display 
device comprising a liquid crystal cell 1 with a twisted-nematic liquid crystal material 2 
which is present between two substrates 3, 4 of, for example glass, provided with electrodes 
30 5,6. The device further comprises two polarizers 7, 8 whose direction of polarization is 
mutually crossed perpendicularly. The device further comprises orientation layers (not 
shown) which orient the liquid crystal material on the inner walls of the substrates, in this 
example in the direction of the axes of polarization of the polarizers so that the cell has a 
twist angle of 90°. In this case, the liquid crystal material has a positive optical anisotropy 
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and a positive dielectric anisotropy. If the electrodes 5, 6 are energized by an electric 
voltage, the molecules and hence the directors are directed towards the field. The device 
further comprises a compensation foil 9 consisting of an optically anisotropic layer of 
polymer material with a cholesteric ordering. The polymer material is ordered in such a way 
5 that a molecular helix can be distinguished, with the axis of the helix being directed 
transversely to the layer. 

Figs. 2, 3, 4 and 5 show the maximum values of the above-mentioned 
stray components t^ and t^ for different foils 9 upon variation of the polar angle 0, i.e. the 
viewing angle (Fig. la) as a function of the pitch of the helix of the polymer material with 

10 the cholesteric ordering. The angle dependencies have been computed for different values of 
the polar angle 6. The maximum values of the above-mentioned stray components and U 
upon variation of the azimuth angle are equal. The component t^ represents the amplitude 
coefficient in the form of stray light exiting as flight which was originally polarized in the x 
direction transverse thereto, and vice versa. The foils have different thicknesses d while the 

15 ordinary and extraordinary refractive indices n 0 and n e are also shown for the material used. 

The values shown apply to a wavelength of 500 nm. To be able to realise 
20 grey levels for the entire visible range, the requirement holds that t^, < 0.07. To be able 
to realise 100 grey levels, the requirement holds that t„ < 0.03. These requirements are 
based on the following considerations. The relative luminance Y/Y^ is given by Y/Y^ » 

20 (O 2 . A "psychometric lightness" L = 900/Y^ is associated with a given relative luminance. 
The number of grey levels is then (100/L). 

The resultant conditions are shown in the Table below. 





n„ 


thickness 
(nm) 


maximum pitch (jim) 
at 20 grey levels 


maximum pitch | 
(Mm) at 100 grey j 
levels I 


1.74 


1.54 


3.6 


0.20 


0.13 


1.67 


1.54 


5.0 


0.22 


0.15 


1.64 


1.54 


6.5 


0.23 


0.20 


1.53 


1.49 


16.0 


0.25 


0.25 
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Fig. 6 shows the maximum pitch, as given in the Table as a function of 
An = n e -no. To be able to display at least 20 grey levels, the maximum pitch should be 
below the line 10 defined by p = (0.26-0.31. An) j*m. 

The compensation or retardation foil 9 may be provided separately or 
5 directly on the substrate 4 by in situ photopolymerization of a reactive cholesteric liquid 
crystal. The starting material is a monomer having the structure as shown in Fig. 6 and being 
possibly provided with a chiral dopant as is shown in Fig. 7. In the monomer state, this 
material has a stable cholesteric phase between 69 and 97°C and is provided, for example as 
a film on a glass or synthetic material substrate and subsequently polymerized via actinic 

10 (UV) radiation. After polymerization, the cholesteric ordering is maintained and the high 
cross-linkage of the structure results in a substantially temperature-independent behaviour. 
The pitch of the helix after polymerization is 0.18 ftm 9 while the refractive indices 
substantially correspond to those shown in Fig. 2. Fig. 2 shows that approximately 70 grey 
levels can be realised with a cell provided with this foil. 

IS A smaller pitch (and hence a display device with more grey levels) can be 

obtained by mixing the reactive cholesteric liquid crystal with a non-reactive cholesteric 
liquid crystal having the same sense of rotation and by providing a layer of this mixture as a 
thin film on a substrate. The mixture acquires a pitch which deviates from that of the two 
liquid crystals and will usually have an intermediate value. Upon a subsequent radiation with 

20 ultraviolet light (actinic radiation), the reactive part of the mixture polymerizes, while the 
non-reactive part is dissolved in the layer. Since the layer shrinks during polymerization, a 
layer having a pitch which is lower than that in the original mixture is obtained. In this way, 
a layer can be obtained with a pitch of the cholesteric helix which is smaller than that 
obtained by means of the method described in USP 5,210,630. 

25 When the non-reactive liquid crystal is subsequently removed from the 

layer (by evaporation, extraction or in another way) the layer thickness surprisingly decreases 
proportionally to the content of the non-reactive liquid crystal in the layer, whereas the 
molecular angle of rotation does not change, in other words, the pitch of the molecular helix 
further decreases. 

30 Example 1: A 5.4 pm thick monomer film was provided on a 

unidirectionally rubbed polyimide substrate at 80°C, which film consisted of: 

98 parts by weight of reactive cholesteric liquid crystal according to Fig. 7 
2 parts by weight of photo-initiator 
100 ppm p-methoxyphenol 
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The layer was irradiated with radiati n of 365 nm in a nitrogen atmosphere for S minutes, at 
which the layer acquired a thickness of 5 pm. Via spectral measurement and SEM 
measurements on a fracture face in which the cholesteric layers can be recognized, the pitch 
of the molecular helix was found to be approximately 0.18 pm. As may also be apparent 
5 from Fig. 2, approximately 70 grey levels can be realised in a device as shown in Fig. 1 in 
which this layer is used as a compensating layer. 

Example 2: A 7.4 /im thick layer was provided on a polycarbonate foil 
free from birefringence such as cellulose nitrate and provided with a unidirectionally rubbed 
polyimide substrate at 60°C, which layer consisted of: 
10 70 parts by weight of reactive cholesteric liquid crystal according to Fig. 7 

28 parts by weight of cholesteric liquid crystal according to Fig. 8 
100 ppm p-methoxyphenol 
The layer was irradiated with radiation of 365 nm in a nitrogen atmosphere for 5 minutes, at 
which the layer acquired a thickness of 7.1 pm. Via spectral measurement at 281 nm, the 
15 pitch of the molecular helix was found to be approximately 0.17 pm. Subsequently, the layer 
was immersed in ethanol for 24 hours, so that the non-reactive cholesteric liquid crystal was 
extracted from the layer. The layer thickness consequently became 5 pm, while the pitch of 
the molecular helix was found to be approximately 0.12 /xm. The number of grey levels to be 
realised in a device according to Fig. 1 was found to be approximately 100. 
20 Although an increase of the number of grey levels in the examples leads 

to a decrease of the viewing angle dependence, the resultant viewing angle dependence is not 
axially symmetrical. By providing the compensating layer 9 with a pattern of more active and 
less active areas, this viewing angle dependence in the areas which are most active (a large 
number of rotations of the helix within the layer thickness) is compensated by areas 
25 providing little compensation. The dimensions of these areas are chosen to be such that they 
are small with respect to the pixel pitch. In this way, a more symmetrical viewing angle 
dependence is obtained. 

For the manufacture of such a layer, for example a layer of cholesteric 
material according to example 1 is locally illuminated with UV radiation via a mask having a 
30 pattern defining said areas, so that cross-linkage occurs at these areas. Subsequently, the 
temperature is raised until the material has reached the isotropic phase. Subsequently, the 
layer is illuminated at areas which have not been illuminated previously so that a state 
without birefringence is fixed at these areas. Variations, such as defining areas having more 
than two values of the pitch, are of course possible. The parts with a cholesteric ordering 
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have the compensating effect, while the other parts pass the light without birefringence. 

In summary, the invention provides the possibility of increasing the 
number of grey levels in a liquid crystal display device by using a compensation foil 
comprising a layer having a cholesteric ordering with a helix pattern, in which the pitch of 
the helix is smaller than (0.26-0.31. An) pm, in which An is the optical anisotropy of the 
anisotropic layer. Moreover, by patterning the cholesteric ordering, the viewing angle 
dependence will be more symmetrical. 
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CLAIMS; 



1. A liquid crystal display device comprising a liquid crystal display cell 
with a liquid crystal material which is present between two substrates provided with 
electrodes, and polarizers and at least an optically anisotropic layer of a polymer material 
between the polarizers, said material having a cholesteric ordering with a helix pattern on at 

5 least a part of the surface of the layer, characterized in that the pitch of the helix is smaller 
than 0.25 /im. 

2. A liquid crystal display device comprising a liquid crystal display cell 
with a liquid crystal material which is present between two substrates provided with 
electrodes, and polarizers and at least an optically anisotropic layer of a polymer material 

10 between the polarizers, said material having a cholesteric ordering with a helix pattern on at 
least a part of the surface of the layer, characterized in that the pitch of the helix is smaller 
than (0.26-0.31. An) pm, in which An is the optical anisotropy of the anisotropic layer. 

3. A display device as claimed in Claim 1 or 2, characterized in that An is 
smaller than 0.3. 

IS 4. A display device as claimed in Claim 1 or 2, characterized in that An is 

larger than 0.04. 

5. A display device as claimed in any one of the preceding Claims, 

characterized in that, viewed transversely to the substrates, the director profile in the 
optically anisotropic layer has a non-rotationally symmetrical pattern. 
20 6. A display device as claimed in Claim 5, characterized in that the director 

profile in at least a part of the optically anisotropic layer is provided at an angle with respect 
to the substrates, and the optically anisotropic layer has a sawtooth structure on at least one 
of its boundary surfaces. 

7. A retardation foil comprising an optically anisotropic layer of a polymer 
25 material having a cholesteric ordering with a helix pattern on at least a part of the surface of 

the layer, characterized in that the pitch of the helix is smaller than 0.25 /*m. 

8. A retardation foil comprising an optically anisotropic layer of a polymer 
material having a cholesteric ordering with a helix pattern on at least a part of the surface of 
the layer, characterized in that the pitch of the helix is smaller than (0.26-0.31. An) ptm, in 
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which An is the optical anisotropy of the anisotropic layer. 

9. A f il as claimed in Claim 7 or 8, characterized in that An is smaller than 
0.3. 

10. A foil as claimed in Claim 7 or 8, characterized in that An is larger than 
5 0.04. 



BNSDOCID: <WO 9606379A2_I_> 



WO 96/06379 



1/4 



PCT/1B95/00640 




BN3DOCID- <WO 9606379A2_I_> 




BNSDOCID: <WO^_9606379A2_I_> 




BNSDOCID: <WO 9606379A2_I_> 



WO 96/06379 



4M 



PCT/IB95/00640 



0 0 R 0 0 

CH 2 =CH-C-0«K-0-^^C-0-^^-0-C-^^-0-K-0-C-CH=CH 2 



K= (CH2) 3 -C*H-(CH 2 ) 2 K = (CH 2 ) 2 -C*H-(CH 2 ) 3 

CH3 CH3 



FIG.7 




CH 3 CH 2 CHCH 2 -a JHl j>-" 
CH3 



FIG.8 



: <WO 9606379A2_I_> 



PCT 

INTERNATIONAL APPUCATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



> INTELLECTUAL PROPERTY ORGANIZATION 
Internationa] Bureau 




(51) International Patent Classification 6 : 
G02F 1/1335 



A3 



(11) International Publication Number: WO 96/06379 

(43) International Publication Date: 29 February 1996 (29.02.96) 



(21) International Application Number: PCT/IB95/00640 

(22) International Filing Date: 14 August 1995 (14.08.95) 



(30) Priority Data: 

94202401.9 23 August 1994 (23.08.94) EP 

(34) Countries far which the regional or 

international application was filed: NL et al. 



(71) Applicant: PHILIPS ELECTRONICS N.V. [NL/NL]; Groe- 
newoudseweg 1, NL-5621 BA Eindhoven (NL). 

(71) Applicant (for SE only): PHILIPS NORDEN AB [SE/SE]; 

Kottbygatan 5, Kista, S-164 85 Stockholm (SE). 

(72) Inventors: VAN HAAREN, Johannes, AJbertus, Matthijs, 

Maria; Groenewoudseweg 1, NL-5621 BA Eindhoven (NL). 
BROER, Dirk, Jan; Groenewoudseweg 1, NL-5621 BA 
Eindhoven (NL). LEENHOUTS, Frans; Groenewoudseweg 
1, NL-5621 BA Eindhoven (NL). 

(74) Agent: RAAP, Ariaan, Yde; Intemationaal Octrooibureau B.V., 
P.O. Box 220. NL-5600 AE Eindhoven (NL). 



(81) Designated States: JP, KR, SG f European patent (AT, BE, CH, 
DE, DK, ES, FR t GB, GR, IE, IT, LU. MC, NL, PT, SE). 



PubUsbed 

With international search report 
Before the expiration of the time limit for amending the 
claims and to be republished in the event of the receipt of 
amendments. 

(88) Date of publication of the International search report: 

2 May 1996 (02.05.96) 



(54) Title: LIQUID CRYSTAL DISPLAY DEVICE AND RETARDATION FOIL 



v ( ' y g y g / { / g / g T^r-r 



5 

•2 



^5 6 



,/ 



(57) Abstract 



In a liquid crystal display device the number of grey levels in increased by means a c mpensati n foil comprising a layer having 
a cholesteric ordering with a helix pattern, in which the pitch of the helix is smaller than (0.26-0.31. An) Mm. in which An is the optica! 
anisotropy of the anisotropic layer. Moreover, the viewing angle dependence will be more symmetrical by patterning the cholesteric 
ordering. 
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